Fixed and random effect models were applied to a pseudo-panel data built of soil analysis reports from tobacco farms to analyze relationships between soil characteristics like soil organic matter (SOM) and soil nitrogen (N), phosphorous (P) and potassium (K) and to explore the potential for improving nutrients availability by increasing SOM content. These econometric models may account for unobserved specific characteristics such as location-specific characteristics, management strategies, farmers' skills and preferences and environmental heterogeneity. Positive relationships were found between N, P and K availability and SOM. The random effect model reports a highly significant elasticity of N with respect to SOM of 0.75, meaning that an increase of 1% of SOM will increase soil N by 0.75%. Using this elasticity, the required SOM improvement of green manure was calculated at which costs of green manure would exactly equal benefits in terms of reduced N fertilizer use. Costs and benefits are equal if the SOM increases from 1.55% to 3.61%, which is barely achieved according to the literature. Hence, growing green manure crops to increase SOM and thereby N availability is not economically attractive. However, additional benefits may arise from SOM improvement and growing green manure crops.
Introduction
Soil degradation can be a consequence of erosion, soil nutrient depletion, soil organic matter (SOM) decline, soil pollution, salinization and/or a collapse in soil structure [1] - [3] . SOM is commonly seen as an important indicator of soil productivity. It is a reserve of nutrients, and helps the formation of soil aggregates, enhances soil porosity, increases the water holding capacity and cation exchange capacity, improves root growth, and it activates soil biota development [1] [4]- [7] . Soil degradation ultimately leads to a decline of soil productivity. Crop yields tend to decrease and the incidence of a complete crop failure tends to increase when soils become more degraded.
The research reported here, was motivated by the observation that soils devoted to tobacco (Nicotiana tabacum L.) production in the Valle de Lerma in Salta province (Argentina) showed signs of degradation after almost 70 years of continuous tobacco production [8] . Tillage, improper water and nutrient management and absence of crop rotations have been suggested as main reasons for soil degradation [9] [10] . Soils under tobacco show 60 percents less SOM than soils under 40-year-old forests in the same area. Low SOM content has been implicated for poor soil structure, low nitrogen availability, poor soil aeration and soil compaction. The utilization efficiency of applied nitrogen (N), phosphorus (P) and potassium (K) is low and farmers have increased the application of fertilizers in the last years, to be able to maintain productivity [11] [12] .
Experiments are broadly applied to study relationships between nutrients availability and soil characteristics and management practices [13] - [15] . Also, effect of management practices on SOM have been well-addressed [5] [6] [16] [17] , in part on the basis of simulation models [1] [18] . What remains short is quantitative information on the influence of SOM level on nutrient availability in farmers' field and on economic aspects of increasing SOM. This empirical study adds a novel approach on the analysis of soil nutrient availability by applying econometric models to analyze farmers' field data, and by using the established relation to determine economics of SOM improvement through green manure. To our knowledge an assessment of the economic impacts of changes on SOM has not been reported before. Studies usually reveal the importance of SOM in increasing crop yields but do not provide cost-benefits analyses of measures to improve SOM [17] [19]- [21] .
An ordinary panel data set includes repeated observations of the same unit of observation (firms, individuals) collected over a number of periods [22] [23] . However, panel data are not available for this research. As an alternative, we construct pseudo panel data for statistical analysis, meaning that observations of different years and different farms are aggregated into groups (cohorts). The averages per year of the groups are treated as individual observations which are followed over time [24] - [26] . Applications include research on transportation and on farm household consumption [25] [26] .
The first aim of this study was to get insight in the current SOM content in farmers' fields in the Valle de Lerma. The second aim was to analyze relationships between soil characteristics like SOM and soil N, P and K to explore the potential for improving nutrients availability by increasing SOM content. The third aim was to estimate the required level of SOM improvement by means of green manure that would be required to make green manure an economically feasible option for SOM improvement.
Materials and Methods

Study Area
The Valle de Lerma (between 24˚30'S and 25˚38'S, and 65˚22'W and 65˚37'W) is a plain with a temperate climate and an annual rainfall between 500 and 1000 mm. Tobacco is cultivated on irrigated land [27] [28] . Besides tobacco, bean, corn, vegetables, pastures, fruits, beef and dairy are produced in the region. Tobacco is a highly fertilized with a dosage of 600 to 1000 kg NPK per ha. Soils have a loamy texture in 60%, sandy loam in 20% and silt loam in 20% of the area [29] . Soils under tobacco are tilled to allow a good development of plants roots. However, the excessively tilling and mechanical weeding that is found in the region (12 or more operations in a year) contributes to soil degradation [10] [12] [30] .
Data Acquisition
Data were analyzed from three departments (Cerrillos, Chicoana and Rosario de Lerma), which together produce 73% of the tobacco in Salta province [31] . Here, 90% of the farms producing tobacco are specialized tobacco farms [32] .
The data were derived from 311 soil analysis reports from farms producing tobacco. Those reports cover the period 1999 to 2009. The soil analyses have been made by the Laboratory of the National Institute for Agricultural Technology [33] on requests by farmers and professionals to get a diagnosis of the soil fertility status in the upper 20 -25 cm of the soil [30] . Unfortunately, no field-specific information was available about the number of years of tobacco production and management practices. Total N was determined by Kjeldahl method. Extractable P was determined by Bray and Kurtz method. Carbon (C) was determined by the procedure proposed by Walkley and Black method. To estimate SOM, the C content was multiplied by 1.724 (Van Bemmelen factor), assuming that SOM contains 58% C. Texture was determined by Bouyoucos. The exchangeable cations K, calcium (Ca), magnesium (Mg) and sodium (Na) were determined following ammonium acetate extraction. The pH was determined in paste [34] .
Pseudo Panel Data
Analyzing panel data would be useful to address the problem at hand, because panel data provides the cross-sectional information reflected in differences in nutrient availability and SOM content between farms and time-series or within-subject information reflected in the changes in nutrient availability and SOM content within farms over time [35] . Because panel data are not available, observations of different years and different farms are aggregated into groups (cohorts) to construct a pseudo panel data. The cohorts need to have time invariant characteristics and observations should be homogeneous within cohorts and heterogeneous across cohorts [26] .
The geographic area and soil textural class are used to create the cohorts. Reports were sorted following soil textural class. Then, reports concerning a particular texture were grouped by farm (every time it was possible), or the same region or the same department. So each cohort is a farm, a region or a department for which at least two year of data is available. When more than one report was available for the same year and cohort, the average was included as one observation for that cohort and year. When a cohort had only one year of observations it was discarded, since panel data techniques require at least two observations from one cohort. In total 70 cohorts and 190 observations were included in the data set. In Appendix ( Table A1 ) the number of cohorts by textural classes and departments are displayed. The descriptive statistics for all the variables included in the study are displayed in Table 1 .
Mean SOM content is low (<10 g per kg of C), Total N is somewhat limited and extractable P and exchangeable K is relatively high. Soil pH (H 2 O) is neutral, while extractable Ca, Mg and Na seem not limiting crop growth [36] . Water needed to saturate 100 g of dried soil.
Econometric Models
Fixed and random effects models were used to assess factors influencing N, P and K availability. The random effect model provides more efficient parameter estimates (low standard errors) than the fixed effect model, but it assumes that the individual effects are uncorrelated with regressors [37] [38] . If this condition is violated, parameter estimates of the random effect model are not consistent. In that case, the parameter estimates of the fixed effects model are still consistent, though less efficient [38] . The formulation of the fixed effect model assumes that differences across cohorts can be captured in differences in the constant [37] . The theoretical form of the fixed effect model is as follows:
where y it is the dependent variable, namely N, P and K contents for cohort i in year t, x it is a vector of explanatory variables for the cohort i in year t, and β is the coefficient for explanatory variables. The α i is the intercept for each cohort and it captures the effect of those variables that are specific for the i-th cohort, they are constant over time and they are consider as fixed unknown parameters. Finally, ε it is assumed to be independent and identically distributed over individuals and time, with mean zero and variance 
Where y it is the dependent variable, namely N, P, K for cohort i in year t, µ is the intercept term and it represents the mean of the unobserved heterogeneity, x it is a vector of explanatory variables for the cohort i in year t and β is the coefficient for explanatory variables. The error term consists of two components: a time invariant component α i that accounts for heterogeneity specific to the ith cohort (cross-section specific error) and a remainder component ε it that is uncorrelated over time [22] [23] [37] [38] .
A Hausman test was performed to test the random effects model versus the fixed effects model [23] . If the individual effects are correlated with the regressors, then the Hausman test rejects the random effects model. Because of its simplicity, a log-log linear function is used in this research. In addition to the fixed effect model, a least square dummy variable model (LSDV) can be run, to get the particular effect of each cohort [39] .
Nitrogen
The general specification of the model for nitrogen for a log-linear function is as follows:
where log e y N is the natural logarithm of total soil N; log e x i are the natural logarithms of the k variables, namely SOM, pH, clay (Cl), silt (Si) particles and a time trend (tt) variable. This time trend variable is included to reflect technological and management change; α 0N , α iN , i = 1, 2, … k are parameters; ε N is the error term.
Phosphorus
The general specification of the model for P for a log-log linear function is as follows:
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where log y P is the natural logarithm of extractable P; log e x i are natural logarithms of the k variables, namely SOM, pH, saturation water (Ws), clay (Cl), calcium (Ca), sodium (Na) and a time trend (tt) variable. This time trend variable is included to reflect technological and management change; α 0P , α iP , i = 1, 2,… k are parameters; ε P is the error term.
Potassium
The general specification of the model for K for a log-linear function is as follows:
where log e y K is the natural logarithm of exchangeable K; log e x i are the natural logarithms of the k variables, namely SOM, pH, clay (Cl), water saturation (Ws), calcium (Ca) content, magnesium (Mg) content and a time trend (tt) variable. This time trend variable is included to reflect technological and management change; α 0K , α iK , i = 1, 2, k are parameters; ε K is the error term. STATA 10.1 software was used to run the models [40] .
Analyses of Benefits and Costs of SOM Improvement through Green Manure
One simple way to increase SOM may be to grow a green manure crop after tobacco harvest at the end of summer time and beginning of autumn. Green manure relates to the incorporation of fresh plant tissue into the soil [41] . By growing green manure the soil is kept covered in winter time and it does not compete with tobacco for land; at the end of winter the green manure can be incorporated to the soil before tobacco plantation starts. Possible green manure crops in the area include the following winter crops: wheat, barley, oat, rye and triticale [42] . Improvement of SOM might mean a higher soil nutrient availability (this is to be confirmed by the econometric model) leading to economic benefits because of lower fertilization requirements. So, benefits of SOM improvement refer to costs savings in commercial fertilizers. To calculate those cost savings, three effects need to be known: 1) the effect of growing a green manure crop on SOM; 2) the effect of increasing SOM on N, P, and K availability, and 3) the effect of increased soil N, P, and K availability on the required amount of fertilizer.
Long terms experiments are required to assess the effect of growing green manure on SOM improvement. In this study, we estimated the necessary SOM improvement by green manure to be economically feasible because data of the effect of growing a green manure on SOM is not available for the area.
The effect of increasing SOM on soil N, P and K is given by the elasticity of N, P and K with respect to SOM, which was estimated by the econometric models. The effect of increased soil N, P, and K on the required amount of fertilizer is specific for each nutrient. The functions that relate N, P, K fertilizer necessary for tobacco production to changes in soil N, P and K were derived from data of [43] . It takes a quadratic form for N and a lineal form for K and P: 2 
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where y NF is N fertilizer, in kg per ha, required for tobacco production, and x TN is soil N, in %. , y KF takes the value of 60 kg. The common NPK fertilizer in the Valle de Lerma is the compound 11-17-24 [30] , indicating that 100 kg of fertilizer contains 11 kg of N, 17 kg of P 2 O 5 and 24 kg of K 2 O. The price was US$ 780 per ton [44] . Labor costs for fertilizer application was estimated at around 25.25 US$ per 300 kg of fertilizer.
Costs of SOM improvement refer to yearly variable costs of green manure crops. These costs include seeds, gasoil, labor and machinery maintenance. Technical data to estimate variable costs of green manure crops were obtained from [45] [42] and local experts. Variable costs of these crops were estimated at 140 US$/ha and include one irrigation event (1 US$ = 3.96 Argentinian pesos). The cost of green manure of 140 US$ per ha equals the value of 162 kg of 11-17-24 commercial fertilizer (including fertilizer price and application cost), which is equivalent to 17.8 kg N fertilizer. Tables 2-4 show the parameter estimates for the fixed and random effects models that were not rejected by the Hausman test. For the log-linear function the elasticity is given by each parameter coefficient. (5) Wald chi square (6) 
Results
Econometric Models
Nitrogen
The Hausman test (chi square = 1.02, Pr = 0.9607) suggests that the random effects model was appropriate for explaining variation in N. The overall R-squared (0.78) is high. SOM content is the only variable with a significant effect; the positive elasticity of 0.75 suggests that an increase of SOM increases soil N. The intercept suggests that there are negative and significant cohorts' specific effects on N availability. The value of rho suggests that almost 25% of the variability in N was due to differences in cohorts' specific effects.
Phosphorus
The Hausman test (chi square = 3.71, Pr = 0.7165) suggests that the random effect estimator is consistent and is appropriate for explaining variation in P availability. SOM had a positive effect on P, although the effect is not significant at 5%. Notably, pH shows a negative effect on extractable P. The negative elasticity of pH is consistent with results obtained in alkaline soils, where P uptake is negatively influenced by pH [46] . Exchangeable Na was negatively related to P availability, in agreement with results that show a decreased P uptake when salinity is increased [47] . The negative elasticity of water saturation is the opposite of what is expected a priori. A negative effect of the time trend variable indicates that there has been a decrease of P availability over time. This reduction can be explained by the changes in fertilizer formulation (with lower P content) that has been taking place in the last years [48] . The intercept suggests that there are positive and significant cohorts' specific effects on P availability. The value of rho indicates that 13% of P variability is due to differences in cohorts' specific effects.
Potassium
The Hausman test (chi square = 14.55, Pr = 0.0125) suggests that the cohort effects are correlated to the regressors and that the random effect estimator is not consistent. The fixed effect model is appropriate for explaining the variation in exchangeable K. The only variable with significant and positive effect is time trend, suggesting a positive effect of technological and management change on K availability. The value of rho suggests that 44% of the variance in exchangeable K is due to differences in cohorts' specific effects. The least square dummy variable model (LSDV) was run to get the particular effect of each cohort. A positive elasticity suggests an increase of K availability due to specific characteristics of that cohort.
Analyses of Benefits and Costs of SOM Improvement through Green Manure
Benefits due to an increase of SOM were estimated only in terms of reductions of N fertilizer required. A positive elasticity of SOM with respect to P and K was also found, but not statistically significant, and therefore no cost savings were estimated for these nutrients. Benefits must cover the costs of SOM improvement via green manure.
The mean N content was 1.0 g per kg of soil. Applying Equation (5a) to the basis situation with a soil N content of 0.1% results in a N fertilizer requirement of 38.2 kg•ha . Applying again Equation (5a) it can be seen that this requirement corresponds to a total soil N content of 2.0 g per kg, which means an increase of 100% relative to the original soil N content. The elasticity of N with respect to SOM from the random effect model is 0.75. This means an increase of 133% of SOM is required from the green manure to achieve a N content of 2 g per kg. So, SOM content would have to rise from 1.55% to 3.61%.
Discussion
Fixed and random effect models allow incorporating unobserved cohort (units of observation) effects such as location specific conditions, management strategies, farmers' skills or preferences, which are not included as regressors. Strategies to improve fertilizers management have to account for those particular characteristics of farmers and local conditions.
Factors influencing the availability of N, P, K were searched from literature [4] [47] [49] - [51] . Those factors for which data were available were included in the models as explanatory variables.
The significant N elasticity with respect to SOM of 0.75 obtained in the random effect model is consistent with the results found in the work of [52] . By applying a two-stage least square regression to evaluate determinants of soil quality, a positive and significant elasticity of 0.65 of N with respect to SOM was found.
Costs of growing green manure were estimated at 140 US$ per ha. However, this may vary depending on the cost of seeds and the number of irrigations.
We estimated that mean SOM content will have to increase by 20.6 g per kg of soil to reach a break-even situation, i.e. benefits and costs of green manure are equal. Such an increase of SOM via green manure is hardly found in literature. [41] got a total increase of SOM of 6 g per kg of soil in a 4-year experiment of green manure crops. [53] reported a SOM increase of 5 g per kg of soil from green manure after 13 years in a cash crops rotation. [54] report increases of SOM between 0 and 10 g per kg of soil following green manure application in short-term experiments.
It is worth mentioning here that a soil N content of 2 g per kg represents a high value for tobacco production [50] . Values higher than 1.8 g per kg may produce problems on leaves maturity and on the final quality of tobacco [43] . Assuming a maximum target of 1.7 g per kg, green manure should provide an increase of SOM of around 107%, which is still high and difficult to reach by green manure crops, according to the literature.
Only the reduction of N fertilizer use has been taken into account as the economic benefit of SOM improvement via green manure. However, benefits of SOM improvement may also result from the enhancement of soil aggregates, soil porosity and water infiltration, cation exchange enabling, root growth and soil biota development [4] . In addition, growing green manure crops may contribute to a reduction of weeds and plant diseases [41] . Also some green manure crops can be used partially to feed animals [42] .
The integrated soil fertility management (ISFM) is an appealing approach for exploring the relation between organic resources and fertilizers. Organic and mineral inputs are needed in the long term to sustain soil fertility and crop production in tropic soils. By applying organic resources to "less responsive soils" soils may be responsive to fertilizers. The application of the concept of agronomic use efficiency (incremental return to applied fertilizer and/or organic inputs) requires experiments to estimate tobacco yields in treatment where nutrients have been applied [55] .
Future research would benefit from systematic surveys among farmers in the area to allow for building a real panel data set. In this way, a more precise assessment of changes over time of SOM and nutrients will be possible. In addition, it is necessary to relate soil characteristics and nutrient contents to production indicators, like tobacco yields. Also, more detailed information about management practices farmers usually apply is needed. While it is widely recognized that soils have been degraded in the Valle de Lerma, knowledge about cost-effective methods for improving SOM is still limited.
Conclusions
The average level of SOM of the pseudo panel data was low. This empirical observation indicates that there is soil degradation in the reported tobacco fields.
Pseudo panel data and panel data estimation techniques can be useful tools to establish relationships between soil characteristics and N, P and K availability in farmer's field. Specific cohorts (as proxy for farms) helped to explain differences in nutrient availability.
The random effect model gave a positive and significant elasticity of N with respect to SOM, which means that it is possible to increase N in soil with an improvement of SOM and in this way to save N fertilizer use. However, a large increase of SOM through green manure crops is required to realize savings in N fertilizer use.
Hence, increasing SOM content through green manure appears not economically beneficial, although additional benefits may arise from green manure, which has not been accounted in this study.
